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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
~opographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I Investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available
to the inspection team. In cases where the reservoir was
lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the
normal load on the structure and may obscure certain conditions
which might otherwise be detectable if inspected under the
normal operating environment of the structure.

It is important to note that the condition of a dam
depends on numerous and constantly changing internal and
external conditions, and is evolutionary in nature. It would
be incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some
point in the future. Only through frequent inspections can
unsafe conditions be detected and only through continued care
and maintenance can these conditions be prevented or
corrected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test flood is based on the
estimated "Probable Maximum Flood" for the region (greatest
reasonably possible storm runoff), or fractions thereof.
Because of the magnitude and rarity of such a storm event, a
finding that a spillway will not pass the test flood should not
be interpreted as necessarily posing a highly inadequate
condition. The test flood provides a measure of relative
spillway capacity and serves as an aide in determining the need
for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the
downstream damage potential.




PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
WOODWA
I.D. No. 507
DEC DAM No. 179A-562 LO HUDSON RIVER BASIN
ORANGE COUNTY, NEW YORK

TABLE OF CONTENTS

PAGE NO.
- ASSESSMENT -
- OVERVIEW PHOTOGRAPH -
1 PROJECT INFORMATION 1
1.1 GENERAL 1
1.2 DESCRIPTION OF PROJECT 1
1.3 PERTINENT DATA 3
2 ENGINEERING DATA 5
2.1 GEOLOGY 5
2.2 SUBSURFACE INVESTIGATION 5
2.3 DAM AND APPURTENANT STRUCTURES 6
2.4 CONSTRUCTION RECORDS 6
2.5 OPERATION RECORDS 6
2.6 EVALUATION OF DATA 7
\ 3 VISUAL INSPECTION 9
)
3.1 FINDINGS 9
3.2 EVALUATION 11
4 OPERATION AND MAINTENANCE PROCEDURES 13
4.1 PROCEDURES 13
4.2 MAINTENANCE OF THE DAM 13
4.3 WARNING SYSTEM 13
4.4 EVALUATION 13
5 HYDRAULIC/HYDROLOGIC 15
5.1 DRAINAGE AREA CHARACTERISTICS 15
5.2 ANALYSIS CRITERIA 15
5.3 SPILLWAY CAPACITY 15
S.4 RESERVOIR CAPACITY 16
- 5.5 FLOODS OF RECORD 16
5.6 OVERTOPPING POTENTIAL 16
. 5.7 RESERVOIR EMPTYING POTENTIAL 16
A 5.8 EVALUATION 16




PAGE NO.
6 STRUCTURAL STABILITY 17
6.1 EVALUATION OF EMBANKMENT STABILITY 17
6.2 STABILITY ANALYSIS 17
6.3 SEISMIC STABILITY 18
7 ASSESSMENT/RECOMMENDATIONS 19
7.1 ASSESSMENT 19
7.2 RECOMMENDED MEASURES 19

APPENDIX

a. PHOTOGRAPHS

B. VISUAL INSPECTION CHECKLIST

C. HYDROLOGIC/HYDRAULIC DATA AND COMPUTATIONS
D. REFERENCES

E. DRAWINGS

F. BACKGROUND DOCUMENTS




PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Woodwaxrd Dam (I.D. NY 507)
State: New York

County: Orange

Stream: Little Shawangunk Kill
Dates of Inspection: 10 January 1981

9 March 1981

ASSESSMENT

Examination of available documents and a visual inspec-
tion of the dam and appurtenant structures did not reveal
conditions which constitute an immediate hazard to human
life or property.

Using the Corps of Engineers' screening criteria, it
has been determined that the dam would be overtopped for all
storms exceeding approximately 60 percent of the Probable
Maximum Flood (PMF). Therefore, the spillway is adjudged
"inadequate."

No signs of instability were noted in the embankment;
therefore, no stability analysis will be required.

Current inspection and maintenance procedures by the
owner are adequate but need to be documented. Monitoring

of the reservoir levels should be expanded to include readings

during peak flow periods.

The following remedial measures must be completed
within one year.

Woodward Dam:
1. All low areas on the crest of the dam must be
filled to the average crest elevetion, compacted,

and seeded.

2. Riprap must be placed on the upstream face of the
dam above normal pool level. .

3. The seep and wet areas at the toe of the dam must
be monitored at regular intervals and during




periods of high reservoir levels for turbidity
and increase in flow, which may indicate potential
for the piping of embankment material.

The eroded areas at the downstream end of the
spillway discharge channel must be repaired and
protected.

All trees and brush must be cut off at ground
level on the downstream toe, upstream slope, and
spillway discharge channel. The root systems of
all trees with a trunk diameter greater than 3
inches must be removed from the downstream toe of
the dam. All resultant areas of erosion and
cavities must be filled, graded, compacted, and
seeded.

The animal burrow at the toe of the dam must be

. filled, compacted, and seeded.

Greenleaf

1.

Spalled areas in the concrete of the gate house
and concrete weir must be repaired.

A staff gage must be installed to monitor reservoir
levels above normal pool.

Dam:

The seep at the toe of the dam must be monitored
at regular intervals and during periods of high
reservoir levels for turbidity and increase in
flow, which may indicate potential for the piping
of embankment material.

Riprap must be placed on the upstream face of the
dam above normal pool level.

All trees and brush must be cut off at ground
level on the downstream toe of the dam. The root
systems of all trees with a trunk diameter greater
than 3 inches are to be removed. All resultant
areas of erosion and cavities must be filled,
graded, compacted, and seeded.

The animal burrow and depression on the downstream
side of the dam must be filled, graded, compacted,
and seeded.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
WOODWARD DAM
I.D. No. NY 507
DEC DAM No. 17S5A-562
LOWER HUDSON RIVER BASIN
ORANGE CCOUNTY, NEW YORK

SECTION 1: PROJECT INFORMATION

1.1 GENERAL

a.

Authority - The Phase I Inspection reported herein
was authorized by the Department of the Army, New
York District, Corps of Engineers, to fulfill the
requirements of the National Dam Inspection Act,
Public Law 92-367.

Purpose of Inspection - This inspection was conducted
to evaluate the existing conditions of the dam, to
identify deficiencies and hazardous conditions, to
determine if these deficiencies constitute hazards

to life and property, and to recommend remedial
measures where required.

1.2 DESCRIPTION OF PROJECT

a.

Description of Dam and Appurtenances - Shawangunk
Lake is formed by Woodward Dam and Greenleaf Dam.
Woodward Dam is an earthfill dam with a height of
29.7 feet, measured from the minimum top of dam to
the toe of the dam, and a total length of 463

feet. The embankment has a crest width of 9 feet.
The side slope of the upstream face is 1lV:2.4H
(Vertical to Horizontal) and the side slope of the
downstream face is 1V:2.2H. The upstream face of
the embankment is protected by riprap up to normal
pool level. The original plans show a masonry

core wall, but test pits dug by the owner reportedly
show no evidence of this core wall. The reservoir
is used as a water supply for the City of Middletown,
New York.

The spillway is 50 feet from the right abutment
and 18 feet upstream from the crest of the dam.
The crest of the weir is 18.7 feet long (perpen-
dicular to the direction of flow). The breadth of
the weir (parallel to the direction of flow) is
1.1 feet. Flow over the spillway falls 2.7 feet
to the discharge channel.




The discharge channel extends approximately 300
feet downstream from the crest of the weir. The
portion of the channel extending downstream from
the weir to the downstream side of the access
bridge on the crest of the dam is rock-lined with
stone side walls. Downstream from the access
bridge, the discharge channel is a trapezoidal,
rock-lined channel. A large number of trees are
growing in this section of the channel.

The outlet from the reservoir consists of a 20-inch
water supply line which gravity feeds to Monhegan
Lake, 1 mile northeast of Shawangunk Lake. The
upper level intake for the 20-inch water supply
line is 11.6 feet below normal pool level, and the
lower level intake is 26 feet below normal pool
level. Both intake pipes (each 20-inch) are
controlled by valves housed in a building on the
upstream face of the dam. The plans show an

8-inch drain from the valve house to the downstream
face of the dam, but this drain outlet could not

be located.

Greenleaf Dam is an earthfill dam with a height of
27.9 feet, measured from the minimum top of dam to
the toe of the dam, and a total length of 281

feet. The embankment has a crest width of 14.5

feet. The side slopes of the upstream and downstream
faces are both 1lV:2H. The upstream face of the
embankment is protected by riprap up to normal

pool level. Greenleaf Dam has no spillway or
functioning outlet pipes.

b. Location = Woodward Dam, on Little Shawangunk
Kill, is 1 mile east of Mount Hope, New York. The
reservoir and dam are in Orange County, New York.
The coordinates of the dam are N 41° 27.0' and
W 74° 29.7'. Woodward and Greenleaf Dams can be
found on the Middletown and Otisville, New York,
USGS 7.5 minute topographic quadrangles.

c. Size Classification - The height of Woodward Dam
is 29.7 feet and the reservoir storage capacity at
the top of dam, elevation 769.7 feet M.S.L. (Mean
Sea Level) is 1,633 acre-feet. Therefore, the dam
is in the "intermediate" size category as defined
by the Recommended Guidelines for Safety Inspec-
tions of Dams.
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d. Hazard Classification - Mapes Road and one home
are located 3200 feet downstream from Woodward
Dam. There are also three other areas downstream
where the stream passes under roadways and through
residential developments (see Location Plan in
Appendix E). Economic damage to the roads and
residential areas is likely if the dam were to
fail. The possibility of excessive economic
damage places Wocdward Dam in the "high" hazard
category as defined by the Recommended Guidelines
for Safety Inspection of Dams.

e. Ownership - The dams and reservoir are owned and
operated by the City of Middletown, 16 James
Street, Middletown, New York 10940. The contact
person is Mr. Bill Johnson (Telephone 914-343-3169).

£. Purpose of the Pam --The dams and reservoeir are
used for water supply. / -

g. Design and Construction History - According to
available records, the dams were originally built
about 1901. The Woodward Dam was designed by W.R.
Hill, consulting engineer and D.R. Lee, resident
engineer. The contractor is unknown. A permit
was issued to the City of Middletown to raise the
dam 2.5 feet in July 1925. Plans were made for
raising Woodward and Greenleaf Dams 10 feet in
1946-1947, but these plans were never implemented.

h. Normal Operating Procedures - The Shawangunk
reservoir continuously feeds Monhegan Lake through

_ a gravity-fed 20-inch pipe. The reservoir level

; is normally kept at the spillway crest. The dam

and spillway are visually inspected daily, and

} weekly records are kept on the reservoir level.

f The valve for the 20-inch pipe is normally open

L and is periodically operated to check its condition.

} 1.3 PERTINENT DATA

a. Drainage Area (square miles) = 1.50

b. Discharge at Dam cubic feet per
second (c.f.s.) -

Spillway Capacity (at Pool
.o Elevation 769.7 Feet M.S.L.)* = 532.0
Reservoir Drain at Normal Pool 6.0

. *All elevations are referenced to the spillway crest, eleva-
| tion 767.0 feet M.S.L., as shown on the plans supplied by
' the owner.




Elevations (Feet above M.S5.L.) -

Average Top of Dam 771.7
Minimum Top of Dam 769.7
Normal Pool (Spillway Crest) 767.0
Streambed at Toe of Dam 740.0

Reservoir Surface Area (Acres) -

Top of Dam (Minimum) 125.
Spillway Crest 100.

~ b

Reservoir Storage Capacity (Acre-Feet) -

Top of Dam (Minimum) 1633.0
Spillway Crest 1332.0
Dam -
Type: Earth
Length (Feet) 463.0
Height (Feet) 29.7
Top Width (Feet) - Design 20.0
Field 9.0
Side Slopes - Upstream -~ Design 1v:2H
Field 1V:2.4H
Downstream - Design 1V:2H
Field 1v:2.2H
Spillway ~
Type: Broad~crested concrete weir
Length of Crest Perpendicular to
Direction of Flow (Feet) 18.7
Width of Crest Parallel to
Direction of Flow (Feet) 1.1
Crest Elevation (Feet M.S.L.) 767.0

Reservoir Drain -

Type: Gravity fed 20-inch water supply
line to Monhegan Lake.
Control: Manual control valves in the gate
house on the crest of the dam.
The valves are normally open.

o




SECTION 2: ENGINEERING DATA

[\
fu

GEOLOGY

The Woodward and Greenleaf Dams, forming Shawangunk
Reservoir, are located in the southern end of the
"Hudson-Mohawk Lowlands" physiographic province of New
York State. DMost of this province is characterized by
low elevaticn and relief due to the erosion of outcrop-
ping weak rocks. Bedrock occurring in the immediate
vicinity of the dam, as indicated on the Geologic Map
of New York (J.G. Broughton and others, 1970), consists
of moderately to intensely folded shales and graywacke
of the Austin Glen Formation, Trenton Group (Middle
Ordovician). Tabular blocks of silt shale and fine
grained sandstone were noted on both abutment slopes
during the visual inspection. No major faults are

, reported in the vicinity of the dam. This entire area
has been glaciated.

2.2 SUBSURFACE INVESTIGATION

i Original subsurface information for Woodward Dam could
not be located during this inspection. However, visual
observation indicates that the area appears to be
covered in part by glacial debris in the form of silt
and fine sand.

According to the available soils report {preliminary)

j for Orange County, prepared by the USDA Scil Conservation
Service, local foundation and abutment materials for
the dam consist of the following soils:

Left Side: Arnot Rock Outcrop Association Soils =~
These soils are medium textured, well

[ drained materials formed in glacial till

derived from red shale and gray sandstone.

Bedrock occupies from 50 to 90 percent

of the mapped areas containing these

, soils. Soil thickness is approximately

| 1l to 1-1/2 feet. Depth to seasonal high

water table is approximately 2+ feet.

Right Side: Bath Silt Loam - These soils are medium
textured, well drained, yellowish brown,
strongly to medium acid materials with a
- very firm fragipan that developed in
deep glacial till derived from slates,
. shales, and sandstone mainly. Bath
soils have approximately 2 to 2-1/2




feet of moderately permeable gravelly
loam over 1-1/2 to 4 feet of slowly
permeable, very firm gravelly silt loam.
Depth to seasonal high water table is
approximately 4+ feet.

DAM AND APPURTENANT STRUCTURES

Woodward and Greenleaf dams are earthen embankments

built around 1901 by the City of Middletown for water
supply purposes. The impoundment formed, Shawangunk
Reservoir, is used in conjunction with the neighboring
Kinch, Monhegan, and Highland eservoirs. Plans were
formulated in 1946-1947 for ° .1sing the Woodward and
Greenleaf Dams to increase the storage area in Shawangunk
Reservoir, but these plans were never implemented

(Plate 5).

The appurtenant structures for operation of the reservoir
are mainly located at Woodward Dam. A gate house on

the upstream side of the dam houses two 20-inch cast
iron intake pipes and the respective control valves. A
20-inch water supply pipe leads from the gate house to
Monhegan Lake. An 8-inch blow-off pipe reportedly

leads from the gate house to just downstream of the

dam. However, the outlet of the blow-off pipe was not
observed during the visual inspection (a seep was
observed at the toe of the dam that is probably related
to this outlet). Woodward Dam has a spillway located

50 feet to the left of the right abutment. The spillway
contains a concrete weir 18.7 feet long which is offset
18 feet upstream of the crest of the dam. The crest of
the weir lies 2.7 feet below the minimum embankment
elevation. The discharge channel between the weir and
just beyond the crest of the dam is protected by stone
wing walls.

CONSTRUCTION RECORDS

Construction records are not available. General design
plans were available for review as part of these investi-
gations. These plans are included in Appendix E.

OPERATION RECORDS

Weekly observations of reservoir water levels are kept
by a watchman for the City of Middletown. The watchman
visually inspects Woodward Dam daily. The valves are
reportedly operated periodically. Formal records of
the inspections or operation of valves are not kept.
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EVALUATION OF DATA

The background information collected during this investi-
gation was obtained primarily from files of the New

York State Department of Environmental Conservation.
Supplementary information was acquired through conversa-
tions with Mr. Bill Johnson, representing the City of
Middletown. The available data are considered adequate
and reliable for Phase I Inspection purposes.
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SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General - The inspection was performed on 10
January 1981. The weather was sunny and the
temperature was 20° Fahrenheit. There was 4 to 6
inches of snow on the dam. The water surface was

L 13.6 feet below the spillway crest. This low

’ reservoir level was attributed to an unusually low

amount of precipitation occurring in the watershed

prior to the inspection. Deficiencies found

during the inspection will require remedial treat- h

ment. A Field Sketch of conditions found during

the inspection is included in Appendix E. The

complete Visual Inspection Checklist is presented
as Appendix B. Because there was a snow cover on
the dam during the initial inspection, a follow-up

inspection was carried out on 9 March 1981.

b. Spillway - The spillway at Woodward Dam is 50 feet
from the right abutment and 18 feet upstream from
the crest of the dam. The spillway is a low,
broad-crested, concrete weir with masonry training
walls. The masonry training walls are placed
stone with many voids and extend to the downstream
side of the wood deck bridge, across the discharge
channel at the crest of the dam. The right masonry
training wall is collapsing under the bridge. The
concrete weir has relatively major spalling on the
downstream face. Greenleaf Dam has no spillway.

c. Embankment - No evidence of sloughing or subsi-
dence was observed on the upstream or downstream
slopes of the embankment at Woodward Dam.

The following is a list of deficiencies observed
during the visual inspection of the embankment at
Woodward Dam:

1. Minor erosion (riprap displacement) at normal
pool level on the upstream face of the dam.

2. Minor low areas along the crest of the dam
near the gate house.

3. A small amount of brush growing on the up-
stream slope of the dam.

4, Trees and brush growing on the downstream
face and toe of the dam. There are six trees




24 inches in diameter and one tree 14 inches
in diameter.

5. Minor seepage at the toe of the dam at Station
2+30. The estimated flow rate of the seep is
0.5 gallons per minute (g.p.m.). This could
be from the 8~inch outlet pipe that could not
be located during the visual inspection.

A wet area (10 square feet) was observed at Station
2+70 at the toe of the dam. The flow rate or
source of this moisture could not be determined.
No evidence of sloughing or subsidence was observed
on the upstream or downstream slopes of the embank-
ment at Greenleaf Dam.

The following is a list of deficiencies observed
at Greenleaf Dam during the visual inspection of
the embankment:

1. Minor erosion (riprap displacement) at normal
pool level on the upstream face of the dam.

2. Trees and brush growing on the downstream
face and toe of the dam. There are two trees
24 inches in diameter.

d. 9 March 1981 Inspection - The reservoir level was
approximately 4 feet higher during the second
inspection than the initial inspection.

The only additional observation made at Woodward
Dam was that there is an animal burrow in the
downstream toe of the embankment at approximately
the center of the embankment.

Several additional problems were observed at
Greenleaf Dam, the dam which, along with Woodward
Dam, forms Shawangunk Lake. These were: (1) an
animal burrow in the downstream toe of the dam
approximately 50 feet from the right abutment,
(2) a wet area covering approximately 10 square
feet at the downstream toe of the dam near the
buried outlet for the abandoned outlet works; and
(3) a small depression on the downstream face of
the embankment slightly to the right of the center
of the dam and approximately half-way down the

.. downstream face. There was no measurable flow

from the wet area and it could not be determined

if the wet area resulted from seepage through the

embankment, poor surface drainage, or seepage

? through the abandoned outlet works.
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Outlet Works = A 20-inch pipe, 19,500 feet long,
runs from the reservoir at Woodward Dam to Monhegan
Lake. A gate valve on the upstream side is used

to control the gravity flow to Monhegan Lake. The
outlet for an 8-inch drain for the gate house as
shown on the original plans could not be located

at the time of inspection.

The gate house is a l4-foot by 28-foot brick struc-
ture on the upstream face of Woodward Dam. Spalled
areas on the gate house foundation have been

recently patched, but the patches are deteriorating.

Greenleaf Dam has no operating outlet works. An
abandoned valve pit is on the crest near the
center of the dam.

Downstream Channel - The discharge channel down-
stream from the Woodward Dam spillway has a mild
slope with rocks, trees, and local accumulations
cf debris in the channel. At the downstream end
of the discharge channel there is severe erosion
of the channel banks.

One house and Mapes Road are located 3200 feet
downstream from the dam.

Reservoir - The reservoir slopes are moderate with
large wooded areas. There were no signs of slope
instability and sedimentation is only a minor
problem. At the time of inspection, some minor
sedimentation was being removed from the reservoir.

EVALUATION

The visual inspection of Woodward Dam revealed several
deficiencies in this structure. The following items
were noted:

1.

Minor low areas along the crest of the dam near
the gate house.

Minor erosion (riprap displacement) at normal pool
level on the upstream face of the dam.

Minor seepage at the toe of the dam at Station
2+30. The estimated flow rate of the seep is 0.5
gallons per minute (g.p.m.). This could be from
the 8-inch outlet pipe that could not be located
during the visual inspection.

11




10.

1.

A wet area (10 sgquare feet) at Station 2+70 at the
toe of the dam. The flow rate or source of this
moisture could not be determined.

Severe ercsion of the channel banks exists at the
downstream end of the discharge channel.

Trees and brush growing on the downstream face and
toe of the dam. There are six trees 24 inches in
diameter and one tree 14 inches in diameter.

Trees growing in the spillway discharge channel.

A small amount of brush growing on the upstream
slope of the dam.

An animal burrow at the downstream toe of the dam
at approximately the center of the embankment.

Spalled areas on the concrete of the gate house.

The visual inspection of Greenleaf Dam revealed several
deficiencies in this structure. The following items
were noted:

A wet area at the downstream toe of the dam near
the buried ocutlet for the abandoned outlet works.

Minor erosion (riprap displacement) at normal pool
level on the upstream face of the dam,

Trees and brush growing on the downstream face and
toe of the dam. There are two trees 24 inches in
diameter, .

A small depression on the downstream face of the

embankment slightly to the right of the center of
the dam and approximately half-way down the down-
stream face, .,

"An animal burrow in the downstream toe of the dam

approximately 50 feet from the right abutment.

12




SECTION 4: OPERATION AND MAINTENANCE PROCEDURES

4.1 PROCEDURES

There are no formal operating procedures. The reservoir
continuously feeds Monhegan Lake through a gravity feed
20-inch pipe. The reservoir is normally kept at the
spillway crest, but at the time of the inspection, the
reservoir was 13.6 feet below the spillway crest because
of a water shortage in the area.

4.2 MAINTENANCE OF THE DAM

Maintenance of Woodward Dam is the responsibility of
the City of Middletown. The watchman visually inspects
Woodward Dam daily and weekly records are maintained on
the reservoir level. The grass is mowed and some of
the trees are removed each year. The valves for the
water supply line are operated periodically.

4.3 WARNING SYSTEM

At the time of the inspection, there was no warning
system or emergency action plan in operation.

4.4 EVALUATION

Past maintenance of the dam and operating facilities

appears to have been adequate, but, except for the

water level measurements, the past activities have not

! been documented. A checklist should be compiled by the
owner's representative to document the findings made
during the periodic inspections and the maintenance
items completed. A warning system and emergency action
plan should be developed and put into operation.

13




SECTION 5: HYDRAULIC/HYDROLOGIC DATA

DRAINAGE AREA CHARACTERISTICS

Delineation of the watershed of Woodward Dam was made
using the USGS quadrangles for Middletown and Otisville,
New York. The drainage basin consists of moderate
slepes which are well covered by forests and ground
vegetation. Some storage exists in Highland Lake which
is upstream from Shawangunk Lake, formed by Woodward
Dam and Greenleaf Dam. A small amount of residential
development exists in the drainage area. The total
drainage area controlled by the dam is 1.50 square
miles.

ANALYSIS CRITERIA

A hydrologic analysis of the watershed and hydraulic
analysis of dam was conducted using the U.S. Army Corps
of Engineers' Flood Hydrograph Package HEC-1 DB computer
program (Reference 12, Appendix D). The unit hydrograph
was defined using the Snyder Unit Hydrograph Method.
Estimates of Snyder hydrograph coefficients were based
upon average coefficients from the Hydrologic Flood
Routing Model for Lower Hudson River Basin (Reference
16, Appendix D). Precipitation data was taken from
Hydrometeorological Report No. 33 (Reference 8,

Appendix D). Rainfall losses were estimated at an
initial loss of 1.0 inch and a constant loss rate of

0.1 inch per hour thereafter. The hydraulic capacity

of the dam, reservoir, and spillway was determined by
incorporating the Modified Puls Routing Method. All
flood routings were begun with the reservoir at normal
pool level. Outlet discharge capacity was computed by
hand. The Probable Maximum Flood (PMF) and 1/2 Probable
Maximum Flood (1/2 PMF) were developed and routed
through the reservoir.

The runoff hydrograph was routed through Highland Lake
Dam and combined with the runoff hydrograph for Shawangunk
Lake, then routed through Woodward Dam.

SPILLWAY CAPACITY

The spillway capacity at the minimum top of dam is 532
c.f.s. There is no auxiliary or emergency spillway at
Woodward Dam.

15
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RESERVOIR CAPACITY

The storage capacity of Shawangunk Lake at normal pool
is 1332 acre-feet. The storage capacity of the reser-
voir at the minimum top of dam is 1633 acre-feet.
Therefore, flood control storage of the reservoir
between the spillway crest and top of dam is 301 acre-
feet. This volume represents a total of 1.88 inches of
runoff from the watershed.

FLOODS OF RECORD

No information concerning the effects of significant
floods on the dam is available.

OVERTOPPING POTENTIAL

The maximum capacity of the spillway is 532 c.f.s.
before overtopping would occur. The peak outflows of
the PMF and 1/2 PMF are 1084 c.f.s. and 422 c.f.s.,
respectively. Therefore, the spillway is capable of
passing 60 percent of the PMF before overtopping would
occur.

RESERVOIR EMPTYING POTENTIAL

The reservoir can only be drawn down by the 20-inch,
19,500 foot long, gravity fed water supply line from
Woodward Dam to Monhagen Lake. Neglecting inflow, the
reservoir can be drawn down from normal pocl in approxi-
mately 113 days. This is equivalent to an approximate
drawdown rate of 0.3 feet per day, based on the hydraulic
height measured from normal pool divided by the time to
dewater the reservoir.

EVALUATION

Woodward Dam is an "intermediate" size - "high" hazard
dam requiring the spillway to pass a flood in the range
of the 1/2 PMF to PMF. The PMF and l1/2 PMF were routed
through the watershed and dam. It was determined that
the spillway is capable of passing 60 percent of the
PMF before overtopping the dam. The spillway is,
therefore, judged to be "inadequate."

Conclusions pertain to present conditions and the
effect of future development on the hydrology has not
been considered.

16




SECTION €&: STRUCTURAL STABILITY

EVALUATION OF EMEANKMENT STABILITY

a. Visual Observations - No signs of potential insta-
bility were observed during the visual inspections
of Woodward Dam and Greenleaf Dam. The dams are
generally well maintained. A seep was observed
along the downstream toe of Woodward Dam during
the visual inspection; however, this is believed
to be related to the 8-inch blow-off pipe outlet
that is shown on available plans for the structure.

b. Design and Construction Information - No design
and construction information relating to stability
is available for Woodward Dam or Greenleaf Dam.

c. Operating Records - Woodward and Greenleaf Dams
are inspected daily by a watchman for the City of
Middletown. The control wvalves in the gate house
are operated periodically.

d. Post Construction Changes - Background information
indicates that the dam may have been raised 2.5
feet in 1925. Plans were formulated in 1946-1947
for raising Woodward and Greenleaf Dams significantly
to increase the storage area in Shawangunk Reservoir,
but these plans were never implemented.

STABILITY ANALYSIS

The results of previous stability analyses, if any,
were nct available for Woodward Dam.

The dam appears to be a relatively homogeneous embankment
composed largely of sandy silt (estimated to be ML

Group Soils -~ Unified Classification System). The
original plans for Woodward Dam indicate a masonry core
wall, but test pits dug in past investigations reportedly
revealed no evidence of this core wall. Woodward Dam

is 29.7 feet high with a crest width of 9 feet. The
upstream slope of the embankment is 1V:2.4H while the
downstream slope is 1V:2.2H. The upstream slope is
protected well with riprap with the exception of the

top 4 to 5 feet below the crest. The dam is not subject
to rapid drawdown (greater than 0.5 feet drop in the
reservoir level per day) as determined by hydraulic
calculations made during these investigations.




-

6.

3

The slopes of Woodward Dam are slightly steep (particu-
larly the upstream slope) and the crest width is narrow.
However, a stability analysis is not considered necessary,
based on the overall condition of the dam as observed
during the visual inspection.

SEISMIC STABILITY

The dam is located in Seismic Zone 1 which presents no
hazard from earthquakes, according to the Recommended
Guidelines for Safety Inspection of Dams. This deter-

mination is contingent on the requirements that static
stability conditions are satisfactory and conventional
safety margins exist.




7.1

SECTION 7: ASSESSMENT/RECOMMENDATIONS

ASSESSMENT
a. Safetv - Examination cf available documents and
visual inspections of Woodward Dam cid not reveal

any conditions which are considered to be hazardous.

Using the Corps of Engineers' screening criteria
for review of spillway adequacy, it has been
determined that the dam would be overtopped for
all storms exceeding approximately 60 percent of
the PMF. Therefcre, the spillway is adjudged
"inadequate."

b. Adequacy of Information - The information available
and the observations and measurements made during
the visual inspection are considered sufficient
for this Phase I Inspection Report.

C. Need for Additioral Information -~ No additional
information is needed as a result of this Phase I
Inspection Report. A stability analysis is not
considered necessary at this time.

4. Urgency - The remedial measures listed below must
be completed within one year from notification.

RECOMMENDED MEASURES

The regular inspections and maintenance procedures
presently being conducted by the owner's representative
appear to be :adeguate, although some form of documenta-
tion is needed. A thorough checklist should be compiled
by the owner's representative and completed during each
inspection. DMaintenance items should be completed
annually. Monitoring of the reservoir level should be
expanded to include reservoir levels above normal pool.

The following remedial measures must be completed
within one year.

Woodward Dam:
1. All low areas on the crest of the dam must be

filled to the average crest elevation, compacted,
and seeded.

to

Riprap must be placed on the upstream face of the
dam above normal pool level.

19
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3. The seep and wet areas at the toe of the dam must
be monitored at regular intervals and during
periods of high reservoir levels for turbidity
and increase in flow, which may indicate potential
for the piping of embankment material.

W

The eroded areas at the downsiream end cf the
spillway discharge channel must be repaired and
protected.

5. All trees and brush must be cut off at ground
level on the downstream toe, upstream slope, and
spillway discharge channel. The root systems of
all trees with a trunk diameter greater than 3
inches must be removed from the downstream toe of

the dam. All resultant areas of erosion and
cavities must be filled, graded, compacted, and
seeded.
6. The animal burrow at the toe of the dam must be
L filled, compacted, and seeded.

.

7. Spalled areas in the concrete of the gate house
t and concrete weir must be repaired.

8. A staff gage must be installed to monitor reservoir
levels above normal pool.

Greenleaf Dam:

1, The seep at the toe of the dam must be monitored
at regular intervals and during periods of high
reservoir levels for turbidity and increase in
flow, which may indicate potential for the piping
of embankment material.

2. Riprap must be placed on the upstream face of the
dam above normal pool level.

3. All trees and brush must be cut off at ground
level on the downstream toe of the dam. The root
systems of all trees with a trunk diameter greater
than 3 inches are to be removed. All resultant
areas of erosion and cavities must be filled,
graded, compacted, and seeded.

4. The animal burrow and depression on the downstream
- .. side of the dam must be filled, graded, compacted,
and seeded.
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Upstream Face of Dam from Left Abutment -
9 March 1981

Downstream Face of Dam from Right Abutment -
9 March 1981

Gate House from Reservoir Side of Dam - 9 March 1981
Spillway from Upstream Side - 9 March 1981

Spillway Discharge Channel with Collapsed Training
Wall under Bridge (from Downstream Side of Bridge) -

9 March 1981

Upstream face of Greenleaf Dam from Left Abutment -
9 March 1981
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WOODWARD DAM

! Photo 1. Upstream Face of Dam from Left Abutment
9 March 1981

"o Photo 2. Downstream Face of Dam from Right Abutment
' 9 March 1981




WOODWARD DAM

Photo 3. Gatehouse from Reservoir Side of Dam
’ 9 March 1981

" Photo 4. Spillway from Upstream Side
o 9 March 1981
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WOODWARD DAM

Photo 5. Spillway Discharge Channel with Collapsed
Training Wall under Bridge (from Downstream Side of Bridge)
9 March 1981

Photo 6. Upstream Face of Greenleaf Dam from Left Abutment
9 March 1981




APPENDIX B

VISUAL INSPECTION CHECKLIST




a.

VISUAL INSPECTION CHECKLIST

1) Basic Data

General

Name of Dam Woodward Dam

Fed., I.D. # NY 507 DEC Dam No. 179A-562
River Basin Hudson

Location: Town _ Mount Hope County Orange

Stream Name Little Shawangunk Kill

Tributary of

Latitude (N) _ 41°27.0' Longitude (W) 74°29.7"
Type of Dam Earth embankment

Hazard Category High

Date(s) of Inspection 10 January 1981

Weather Conditioms Sunny 20°

Reservoir Level at Time of Inspection  753.4 ft. M.S.L.

Inspection Personnel Wayne D. Lasch, Gary W. Todd, Rory L. Galloway

Persons Contacted (Including Address & Phone No.)

Bill Johnson, City Hall

16 James Street

Middletown, NY 10940

914/343-3169

History:

Date Constructed 1901 Date(s) Reconstructed 1925

W.R. Hill - Consulting Engineer
Designer D.R. Lee - Resident Engineer

Constructed By Unknown

Owner City of Middletown, NY




"

)

Embankment

a.

Characteristics

(1) Embankment Material Earth (sandy silt)

(2) Cutoff Type None

(3) 1Impervious Core Reported to be masonry core. However, previous

test pits bv owner failed to locate any masonry core.

(4) Internal Drainage System None observed

(5) Miscellaneous Snow covered at time of inspection, 2-6 in.
on dam.

Crest

(1) Vertical Alignment Minor low areas located between Sta. 2+00 and

3+00.

(2) Horizontal Alignment Good

(3) Surface Cracks None observed at time of inspection.

(4) Miscellaneous Good grass cover on crest.

Upstream Slope

(1) Slope (Estimate) (V:H) 1:2.4

(2) Undesirable Growth or Debris, Animal Burrows Small amount of brush

growing on _slope.




(3)

(4)

(5)

Downstream Slope

(1)

(2)

(3)

4)

(%)

(6)

€

Sloughing, Subsidence, or Depressions Minor erosion (riprap dis-

placement) at normal pool level.

Slope Protection Quartzite riprap protection extending from normal

pool level to water surface at time of inspection.

Surface Cracks or Movement at Toe Unobservable at time of inspec-

tion.

Slope (Estimate - V:H) 1:2.2

Undesirable Growth or Debris, Animal Burrows Trees (2 to 24 in.

diameter) and brush along toe of dam.

Sloughing, Subsidence or Depressions None observed at time of

inspection.

Surface Cracks or Movement at Toe None observed at time of inspec-

tion.

Seepage Approx. 0.5 g.p.m. at toe of dam (Sta. 2+30), wet area

(approx. 10 sq. ft.) at toe of dam at Sta. 2+70.

External Drainage System (Ditches, Trenches, Blanket) None observed 1

Condition Around Outlet Structure None observed at time of

inspection.




3)

4)

(8) Seepage Beyond Toe None observed

e. Abutments - Embankment Contact Appeared good at time of inspection

(1) Erosion at Contact None observed at time of inspection.

(2) Seepage Along Contact None observed at time of inspection.

Drainage Svstem

a., Description of System None
b. Condition of System None
c¢. Discharge from Drainage System None

Instrumentation (Monumentation/Surveys, Observation Wells, Weirs,

Piezometers, Etc.) None observed




5)

6)

7)

Reservoir

a. Slopes Mild to moderate slopes, heavily wooded.

. Sedimentation Minor problem, sediments currently being removed to

increase capacity.

¢. Unusual Conditions Which Affect Dam Highland Lake Dam upstream, 400 ft.

long, 30 ft. high, 15 ft. crest width.

Area Downstream of Dam

a. Downstream Hazard (No. of Homes, Highways, etc.) Mapes road and 1 home

3200 ft. downstream, economic damage only.

b. Seepage, Unusual Growth None observed at time of inspection.
c. Evidence of Movement Beyond Toe of Dam None observed at time of
inspection.

d. Condition of Downstream Channel Rocks, large trees and local debris

in channel.

Spillway(s) (Including Discharge Conveyance Channel)

Spillway is located on the right upstream side of the crest.




8)

a. General Low concrete weir with masonry training walls. Wooden bridge

(5 ft. x 20 ft,) crosses training walls along crest of dam.

b. Condition of Service Spillway Concrete weir has relatively major

spalling especially on the downstream face.

c. Condition of Auxiliary Spillway None

d. Condition of Discharge Conveyance Channel Masonry training walls have

many voids. Right training wall under bridge is collapsing. Discharge

channel has rocks, trees and local debris. Severe erosion of channel

banks at dovnstream end.

Reservoir Drain/Outlet

Type: Pipe Conduit X Other
Material: Concrete Metal cast iron  other
Size: 20 in. Length 19,500 ft.
Invert Elevations: Entrance 738.0 ft.

Exit 712.0 ft. (Estimated)
Physical Condition (Describe): Unobservable X




E))

a.

Material:

Joints:

Structural Integrity:

Hydraulic Capability:

Means of Control: Gate Valve 20 in. Uncontrolled
Operation: Operable X Inoperable Other
Present Condition (Describe): Owner reported valves are operated

regularly.

Structural - Not Applicable

Concrete Surfaces

Structural Cracking

Movement - Horizontal & Vertical Alignment (Settlement)

Junctions with Abutments or Embankments




e. Drains - Foundation, Joint, Face

f. VWater Passages, Conduits, Sluices

g. Seepage or Leakage

h. Joints - Construction, etc.

i. Foundation

j. Abutments

k. Control Gates




1. Approach & Outlet Channels

m. Energy Dissipators (Plunge Pool, etc.)

n. Intake Structures

0. Stability

P. {iscellaneous

10) Appurtenant Structures (Power House, Lock, Gatehouse, Other)

a. Description and Condition Gatehouse is a 14 ft. x 28 ft. brick structure

located on the upstream face of the dam. Spalled areas on the gatehouse

foundation have been recently patched but patches are deteriorating.
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a.

VISUAL INSPECTION CHECKLIST

Basic Data

General

Name of Dam Greenleaf Dam

Fed. I.D. ft NY 508 DEC Dam No.
River Basin __ Hudson
Location: Town __ Mount Hope County Orange

Stream Name Little Shawangunk Kill

Tributary of

Latitude (N) 41°26.85" Longitude (W)

74°30.24"'

Type of Dam Earth embankment

Hazard Category High

Date(s) of Inspection 10 Januarv 1981

Weather Conditions Sunny 20°

Reservoir level at Time of Inspection 753.4 fr.

M.S.L.

Inspection Personnel Wayne D. Lasch, Gary W. Todd,

Rory L. Galloway

Persons Contacted (Including Address & Phone No.)

Bill Johnson, City Hall

16 James Street

Middletown, NY 10940

914/343-3169

History:

Date Constructed 1901

Designer Unknown

Date(s) Reconstructed

1925

Constructed By Unknown

City of Middletown, NY

Owner




2) Embankment

a. Characteristics

(1) Embankment Material Earth embankment
k.

(2) Cutoff Type None
(3) Impervious Core None
(4) 1Internal Drainage System None observed
(5) Miscellaneous Snow covered at time of inspection, 2-6 in. on dam.

b. Crest
(1) Vertical Alignment Good
(2) Horizontal Alignment Good

I

(3) Surface Cracks None observed at time of inspection.
(4) Miscellaneous Snow covered at time of inspection.

c. Upstream Slope
(1) Slope (Estimate) (V:H) 1:2
(2) Undesirable Growth or Debris, Animal Burrows None observed at

N time of inspection.




(3)

(%)

(%)

Downstream Slope

(1

(2)

(3)

(4)

(3)

(6)

(7

Sloughing, Subsidence, or Depressions Minor erosion (riprap dis-

placement) at normal pool level.

Slope Protection Quartzite riprap protection extending from normal

pool level to water surface at time of inspection.

Surface Cracks or Movement at Toe Unobservable at time of

inspection.

Slope (Estimate - V:H) 1:2

Undesirable Growth or Debris, Animal Burrows Trees (2-24 in,

diameter) and brush along toe of dam.

Sloughing, Subsidence or Depressions None observed at time of

inspection.

Surface Cracks or Movement at Toe None observed at time of

inspection.

Seepage None observed at time of inspection.

External Drainage System (Ditches, Trenches, Blanket) None
Condition Around Outlet Structure None




(8) Seepage Beyond Toe None

e. Abutments - Embankment Contact Appeared good at time of inspection.

(1) Erosion at Contact None observed at time of inspection.

(2) Seepage Along Contact None observed at time of inspection.

3) Drainage Svystem

a. Description of System __ None
i
b. Condition of System None
c. Discharge from Drainage System None

4) Instrumentation (Monumentation/Surveys, Observation Wells, Weirs,
Piezometers, Etc.) None




6)

.. | 7)

Reservoir
a. Slopes Moderate slopes, heavily wooded.
b. Sedimentation Minor problem, sediments currently being removed to

increase capacity.

Unusual Conditions Which Affect Dam Highland Lake Dam upstream, 400 ft.

30 ft. high, 15 ft. crest width.

Downstream Hazard (No. of Homes, Highways, etc.) 1 small pond 200 ft.

directlv downstream, Mapes rcad and 1 home downstream.

Seepage, Unusual Growth None observed at time of inspection.

Evidence of Movement Beyond Toe of Dam __ None observed at time of

c.
long,

Area Downstream of Dam

a.

b.

c.
inspection.

d.

Condition of Downstream Channel Mild slopes with trees and debris in .

channel.

Spillwav(s) (Including Discharge Comveyance Channel)

None

|




a. General

b. Condition of Service Spillway
c. Condition of Auxiliary Spillway
d. Conditicn of Discharge Conveyance Channel

8) Reservoir Drain/Outlet - None

Type: Pipe Conduit Other
Material: Concrete Metal Other
Size: Length

Invert Elevations: Entrance

Exit

Physical Condition (Describe): Unobservable




Material:

Joints:

Structural Integrity:

Hyvdraulic Capability:

Means of Control: Gate Valve Uncontrolled
Operation: Operable Inoperable Other

Present Condition (Describe):

) Structural - Not Applicable

a. Concrete Surfaces

| b. Structural Cracking

E

!

E

E

E c. Movement - Horizontal & Vertical Alignment (Settlement)
l

!

r d. Junctions with Abutments or Embankments




e. Drains - Foundation, Joint, Face

f£. Water Passages, Conduits, Sluices

g. Seepage or Leakage

h. Joints -~ Construction, etc.

i. Foundation

3. Abutments

k. Control Gates




10)

1. Approach & Outlet Channels

m. Energy Dissipators (Plunge Pool, etc.)

n. Intake Structures

o. Stability

p. Miscellaneous

Appurtenant Structures (Power House, Lock, Gatehouse, Other)

a. Description and Condition None




APPENDIX C

HYDROLOGIC,/HYDRAULIC DATA
AND COMPUTATIONS
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CHECK LIST FOR DAMS
HYDROLOGIC AND HYDRAULIC
ENGINEERING DATA

AREA-CAPACITY DATA:

4)

5)

1)
2)
3)

4)

6)
7)
8)

Elevation Surface Area

(ft.) (acres)

Top of Dam 769.7 125.4

Storage Capacitv

Design High Water
(Max. Design Pool) - -

(acre-£ft.)

1633

Auxiliary Spillway
Crest - -

Pool Level with
Flashboards - -

Service Spillway
Crest 767.0 100.7

DISCHARGES

Average Daily

Spillway @ Meximum High Water - Top of Dam -
(El. 769.7 fr. M.S.L.)

Spillway @ Design High Water

Spillway @ Auxiliary Spillway Crest Elevation
Low Level Outlet (20 in. C.I.P.)

Total (of all faciliries) @ Maximum High Water

Maximum Known Flood

At Time of Inspection

1332

Volume

{cfs)

Unknown

532

Unknown

538

Unknown




e g S L
CREST: ELEVATION: 769.7 ft.
Tvpe: Earthfill dam
Width: 9 ft. Length: 463 ft.
Spillover Low, broad-crested weir
Location 50 ft. from right abutment and 18 ft. upstream from the crest of
the dam.
SPILLWAY:
SERVICE AUXILIARY
767.0 ft. Elevation None i
Broad-crested weir Type -
18.7 ft. Width -
Tvpe of Control
X Uncontrolled ~
Controlled:
_ Type -
(Flashboards; gate)
- Number -
- Size/Length -
Invert Material -
Anticipated Length
of Operating Service -
- Chute Length -
0.8 ft.

Height Between Spillway Crest
& Approach Channel Invert
(Weir Flow)




HYDROMETEROLOGICAL GAGES:

Type: None

Location:

Records:

Date:

Max. Reading:

FLOOD WATER CONTROL SYSTEM:

Warning System: None

Method of Controlled Releases (mechanisms):

A 20 in. gravity fed water supply line approximately 19,500 ft. long to

Monhagen Lake.




DRAINAGE AREA: 1.50 sq.. mi.

DRATNAGE BASIN RUNOFF CHARACTERISTICS:

Land Use - Type: Wooded with light residential development.

Terrain - Relief: Moderate slopes.

Surface - Soil: Well drained.

Runoff Potential (existing or planned extensive alterations to existing
surface or subsurface conditions)

There were no known plans for altering the existing runoff paterns at

the time of inspection.

Potential Sedimentation problem areas (natural or man-made; present or future)

None observed at the time of inspection.

Potential Backwater problem areas for levels at maximum storage capacity
including surcharge storage:

None observed at the time of inspection.

Dikes - Floodwalls (overflow & non-overflow) - Low reaches along the
Reservoir perimeter:

Location: None

Elevation:

Reservoir:

Length @ Maximum Pool 8,500 ft. (El. 769.7 ft. M.S.L.)

Length of Shoreline (@ Spillway Crest) 20,800 fr. (3.94 mi.)

s (El. 767.0 ft. M.S.L.)

A
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